EmrE, a multidrug transporter from Escherichia coli, transports monovalent and divalent substrates with the same stoichiometry.
Multidrug transporters recognize and transport substrates with apparently little common structural features. At times these substrates are neutral, negatively, or positively charged, and only limited information is available as to how these proteins deal with the energetic consequences of transport of substrates with different charges. Multidrug transporters and drug-specific efflux systems are responsible for clinically significant resistance to chemotherapeutic agents in pathogenic bacteria, fungi, parasites, and human cancer cells. Understanding how these efflux systems handle different substrates may also have practical implications in the development of strategies to overcome the resistance mechanisms mediated by these proteins. Here, we compare transport of monovalent and divalent substrates by EmrE, a multidrug transporter from Escherichia coli, in intact cells and in proteoliposomes reconstituted with the purified protein. The results demonstrated that whereas the transport of monovalent substrates involves charge movement (i.e. electrogenic), the transport of divalent substrate does not (i.e. electroneutral). Together with previous results, these findings suggest that an EmrE dimer exchanges two protons per substrate molecule during each transport cycle. In intact cells, under conditions where the only driving force is the electrical potential, EmrE confers resistance to monovalent substrates but not to divalent ones. In the presence of proton gradients, resistance to both types of substrates is detected. The finding that under some conditions EmrE does not remove certain types of drugs points out the importance of an in-depth understanding of mechanisms of action of multidrug transporters to devise strategies for coping with the problem of multidrug resistance.